Introduction
The eight short papers below were presented by their authors at a two-hour minisymposium at the British Applied Mathematics Conference (BAMC) held at Bristol in April 2007. Their aim was to give a current overview of the main and emerging issues facing university degrees in which mathematics forms a key part. Topics include the curriculum in engineering mathematics, the work of the Société Européenne pour la Formation des Ingenieurs (SEFI) Mathematics Working Group, how the curriculum in schools is being developed, poor knowledge of mechanics among Year One students, widening participation and need to form more graduates, support for specialist mathematics students on the later years of their programmes of study, and the training of academic staff and postgraduates who will be teaching mathematics. The briefing is intended to be short and easily read. We hope you find it so.
The evolution of the curriculum in engineering mathematics, 1960 -2010
Mike Barry, Dept of Engineering Mathematics, University of Bristol
mike.barry@bristol.ac.uk
Before the year 1650, the concept of the Nation State did not really exist, and the modern interpretation of human rights perhaps only came into being in about 1780. Likewise, the notion of a common core curriculum between universities did not acquire significance until the post-war period was well established. Mathematics is a subject learned in school by everyone until midway though secondary school, at least, and onwards from there by those who need it in their professional lives. In 1960, universities offered quite diverse programmes in mathematics to those deeply specialising in the subject. Such students would study some applications relating to the physical sciences and some would take newer and emerging options in statistics and perhaps numerical methods. Engineering and physical science students would be offered more tailored and focused units in mathematics, but then as now, would study such options apart from the specialist mathematicians. The Organisation for Economic Co-operational and Development (OECD), in the broader context of improving the quality of scientific manpower across the member countries, convened a series of seminars in the early 1960s, which eventually led to the publication in 1965 of the report "Mathematical Education of Engineers" [1] . This stipulated a very detailed and fully illustrated mathematical curriculum for professional engineers and provided splendid exemplars of material to be taught. The curriculum was aimed principally at students in Western Europe and North America, and recognising the widely different programme lengths in different countries, accepted a full curriculum of 700 hours and a shorter curriculum near 400 hours.
The OECD curriculum came to be viewed as an exhaustive resource for syllabus design, but over-enriched for practical use in a tight engineering timetable. With this in mind the SEFI Mathematics Working Group, formed in 1982, set about designing a leaner and fitter curriculum that would be acceptable to institutions across Europe. Probability and statistics had entered the OECD curriculum, as well as the traditional analysis and calculus, but SEFI gave separate focus as well to linear algebra and to the emerging discipline of discrete mathematics. It also emphasised that numerical methods be embedded within the curriculum and that modern technology is not just engineering based, it is mathematically based. Reducing the contact time to 220/320 student hours, depending on institution and programme, SEFI published its curriculum in 1992 [2], "A Core Curriculum in Mathematics for the European Engineer". One addition to the OECD curriculum was a horizontal structuring: Core Zero, or pre-curriculum school mathematics was defined as were additional Elective Topics that might be taken by undergraduate engineers of different specialisations. The main Core stood between the two and was divided up into about one half analysis and calculus and about one sixth each of probability and statistics, linear algebra, and discrete mathematics. In the next mini-symposium paper, the current SEFI Mathematics Working Group (MWG) chair Marie Demlova describes how [2] was re-edited in 2002 as [3] , "Mathematics for the European Engineer: A Curriculum for the 21st Century". A key change was the inclusion of learning objectives with the Core itself redesignated into Levels One and Two.
The current challenge for the SEFI-MWG is to reconfigure the curriculum for both Bachelor and Masters Degrees following the Bologna agreement. The term Core Zero has come to represent pre-curriculum school mathematics in a number of contexts. In the 15 years since [1] was published, the concern in the UK over the changing and diminishing mathematical background of engineering students has generated several reports. One of these, "Achieving Core Zero" [4] , was produced in 1998 by the author and Rosamund Sutherland, who spoke third at the mini-symposium. This investigated the decline in the algebraic drill and skill of engineering undergraduates at the University of Bristol: they are acknowledged to be some of the nation's best students. This decline has led, generally, to the encroachment of Core Zero material into Core One with a knock-on effect upwards, some compression, tighter focus and even omission. The non-achievement of Core Zero in school was first seriously observed in the UK and was thought by some to be largely attributable to national educational policies. Now most of continental Europe has had similar experiences of decline and it appears that the expansion of choice and the squeezing of traditional subjects like mathematics in the wider school curriculum might have a part to play, notwithstanding widening horizons in the lives of young people. The decline manifested itself in the UK earlier than elsewhere, but many of its universities have taken an important lead in diagnostic testing, focused study, assessment and the interface between mathematics and the physical sciences. They are also active, as later contributors to the mini-symposium describe, with wider ventures such as the establishment of the more maths grads initiative, the Sigma project, and support for university teachers at all levels.
The Work of the SEFI Mathematics Working Group
Marie Demlova, Chair of the SEFI-MWG,Czech Technical University in Prague demlova@math.feld.cvut.cz
The SEFI Mathematics Working Group (SEFI-MWG) was established in 1982 as one of the first working groups in SEFI. One of its main aims is to promote fuller understanding of the role of mathematics in the engineering curriculum, and its relevance to industrial needs. In 1992, the SEFI-MWG published a report called "A Core Curriculum in Mathematics for the European Engineer" [2] , bringing together the necessary mathematical concepts and topics which every engineer should know. Later, following the important changes that subsequently took place, especially the increased number of university students and the involvement of computers in education, meant that the curriculum needed updating. So, the SEFI-MWG produced, in 2002, a report "Mathematics for the European Engineer: A Curriculum for the 21st Century" [3] . This document reflected current changes and emphasis was put more on learning outcomes than on the topics to be covered.
As a natural continuation to the Curriculum for the 21st Century, the SEFI-MWG started up the Assessment Project, based upon the principle that once the learning objectives are known, we should be able to find out whether the Mathematics education at BAMC 2007: a report on a higher education mini-symposium -Mike Barry and Michael Grove teaching has had the desired effect. A questionnaire was produced and distributed to the members of the SEFI-MWG. Responses were obtained from 12 European countries, usually one or two per country. The types of assessments (closed book written tests, open book written tests, oral examinations, course work, and/or combinations of them) were studied for their usage in assessment. It showed that differences existed, not only between different countries, but even within individual institutions. Assessment methods could be different for first year courses (BA, BSc, BEng) and advanced courses (MA etc). Also, in first year courses, the assessment is usually in the form of a closed book written test, the main difference being in the length of the test (in Nordic countries they can be as long as 5 hours, but in other countries shorter tests are usually used, from 1.5 hours up to 3 hours). In later years, more emphasis appears to be put on coursework and oral presentations. Differences were also noticed between smaller HE institutions and larger ones, and the methods of assessment in both institutions and countries also strongly depends on the assessment methods used in school mathematics. For more details see [5] .
Another topic closely related to the curriculum is the introduction of the Bologna process into the education of engineers. The change from longer programs leading to a professional engineering degree to a two-tier system of BA (Bachelor's) programme (usually 3 or 4 years) followed by MA (Master's) programme (usually 1.5 or 2 years) influences the mathematical content of the curriculum to a considerable extent. In most cases, this has led to a decrease of the amount of time devoted to that subject. This means that, in some institutions, the mathematical capabilities of those directly entering Master's degree programs is worryingly insufficient. The SEFI-MWG is working on a strategy that will advise upon how to deal with this problem.
An enduring issue is the use of technology in mathematical education. Every European HE institution now uses computers in teaching. What varies is the depth to which computers are used. Whilst such use may be desirable, there is evidence that the use of technology does not automatically lead to better understanding of mathematical notions and concepts, so care needs to be taken in its introduction. Streaming has been considered as a way forward, in ensuring that weaker students progress as well as good ones, but evidence that this works has yet to be found.
Curriculum reform in mathematics
Rosamund Sutherland, Joint Mathematical Council (Chair), Graduate School of Education, University of Bristol
ros.sutherland@bris.ac.uk
In 2002, the government set out its vision for greater coherence in the 14-19 phase of education, together with the aim of encouraging more young people to gain the qualifications they need to progress into further and higher education or employment. At a similar time, the Smith Inquiry 'Making Mathematics Count' was set up to "make recommendations on changes to the curriculum, qualifications and pedagogy for those aged 14 and over in schools, colleges and higher education institutions to enable those students to acquire the mathematical knowledge and skills necessary to meet the requirements of employees and higher educators" [6] . The report identified the key issues of major concern: 1) the shortage of specialist mathematics teachers; 2) the failure of the curriculum, assessment and qualifications framework to meet the needs of many learners and to satisfy the requirements and expectations of employers and higher education institutions; 3) the lack of a sustained continuing professional development culture for teachers of mathematics. This report has been important in ensuring that policy makers are aware of the 'special case' of mathematics within the general context of curriculum reform.
At this stage of the evolving reforms, it is not easy to disentangle the likely effects of curriculum changes on Engineering Mathematics in Higher Education. For example, the new Engineering Diploma, which starts in 2008 as part of a renewed emphasis on vocational education within the 14-19 phase of education, should play an important role in preparing young people for Higher Education. Diplomas will be available at three levels, with level 3 being designed for sixth-formers and college students who would like an industry related alternative to A-level which is recognized by Universities and employers. To ensure that the Level 3 Diploma meets the requirements of university admission tutors, students completing an Engineering Diploma will spend the same amount of time studying mathematics and science as A-level students. Whereas it is important for university Engineering and Engineering Mathematics Departments to understand and influence this new diploma course, there will undoubtedly be some scepticism about whether the vocational pathway can be considered to be as valuable as the more traditional academic pathway to Higher Education.
Together with a strengthening of the vocational pathways, there will be a new emphasis on what has been called 'functional mathematics' in the 14-19 phase of education. Currently assessment bodies are trialing stand-alone functional skills qualifications, which will have a relationship to both the vocational and academic pathways. Functional mathematics must include problem solving, reasoning, modelling skills and conceptual understanding of mathematics and should enable students to see how mathematics connects to other subjects. The introduction of functional mathematics into the curriculum would appear to be an excellent opportunity for introducing school students to relevant engineering mathematics applications.
At the same time as a strengthening of the vocational pathways, there are proposed changes to the academic pathways. From September 2008, there will be a new secondary national curriculum, aimed at giving teachers a more flexible (and less prescriptive) framework for teaching. The new Mathematics Curriculum explicitly states that "Mathematical thinking is important for all members of a modern society as a habit for its use in the workplace, business and finance, and for personal decision making". From 2008, there will be two GCSE qualifications in mathematics, with the new second GCSE being aimed at challenging students to engage with the why as well as the how of mathematics. There is a strong lobby from the Advisory Committee on Mathematics Education (ACME) that "The Government should send a strong signal to schools, teachers and parents that most pupils should expect to study both of the maths GCSEs. We will be failing young people if we do not give them the opportunity to come to grips with the more challenging aspects of the subject. ACME believes that both GCSEs can be taught to the majority of pupils without a significant increase in timetabled teaching" [6] .
Within this context of change, it is relatively difficult to get a sense of the big-picture, in terms of the potential impact of curriculum change on Engineering Mathematics at University level. Therefore, it is important for the relevant professional bodies to become actively engaged in the reform process, through their representation on the UK's Joint Mathematics Council (JMC) (http://www.jmcuk.org.uk/). In turn, the JMC works closely with ACME (http://www.royalsoc.ac.uk/acme/index.htm) to ensure that the mathematics community is increasingly acting with one voice when communicating with policy makers and practitioners.
Prior knowledge of mechanics amongst first year engineering students
Dick Clements, Department of Engineering Mathematics, University of Bristol r.r.clements@bristol.ac.uk
In recent years, the syllabus of A-level Mathematics has steadily broadened from a base, in the 1960s, of 'pure' mathematics plus classical mechanics. Topics in probability and statistics and in decision mathematics (or operations research) have been introduced. At the same time, the examination of the subject has been increasingly modularised and the choice of optional modules has been greatly increased. As a result, the level of knowledge of classical mechanics demonstrated by students, who have a mathematics A-level qualification, has declined markedly.
Some university disciplines, notably Physics and most varieties of Engineering, have traditionally relied on a students arriving at university with a good level of knowledge of classical mechanics. Lecturers in these areas have noticed a steadily declining familiarity with the standard models and methods of classical mechanics. This trend is set to continue, with the introduction of the 2004 changes to the structure of A-level mathematics under which students opting for single subject mathematics will study no more than two modules of mechanics (out of 5 modules available in the specification). Further, there is no requirement for students to study any mechanics at all; a single or double subject A-level in mathematics can be obtained by following application modules in statistics and decision mathematics only.
As the first stage of a project to respond to this issue, a survey was undertaken to establish a baseline. All students entering engineering degree courses at Bristol University in September 2005 (377 students) were asked to complete a computer mediated survey during their induction process. Of those students whose entry qualification was based on A-levels, 11% reported that they had taken no mechanics modules at all. Then 89%, 72%, 23%, 10% and 3% respectively had taken M1, M2, M3, M4 and M5 or higher. The dataset was also broken down by A-level board and by engineering discipline. No significant differences were found between the students who had taken A-levels from different boards, nor between students of the different major disciplines.
In a parallel study [7] , Robinson et al surveyed first year engineering students at Loughborough, Nottingham and Leicester Universities. Across the three universities surveyed, 9% had studied no mechanics modules and 23% had studied one module only. The results of Robinson et al suggest that the data from the Bristol survey are typical of many universities, at least amongst the pre-1992, "civic university" cohort. There has also been a noticeable decline in the number of students studying mathematics at A-level. The number of entries to A-level mathematics has shrunk from nearly 85,000 in 1989 to around 53,000 in 2004. This decline has occurred at a time when the total number of A-level entries has increased significantly. Consequently, the percentage of mathematics entries compared to the total A-level entries has fallen over this time from 12.8% to 6.9% [10] .
This decline in the popularity of mathematics has important implications for other subjects in Science and Technology, as mathematics underpins disciplines such as Engineering, Physics and Chemistry. Indeed, those involved in the teaching of Physics and Engineering within HE have spoken of a 'mathematics problem' for some time, particularly at the transition to university study [11] , [12] .
In order to meet its overall aims of increasing and widening participation, the project has four objectives and these may be conveniently expressed as four themes:
1. Careers Theme: Improve understanding of the wideranging applicability of mathematics and the breadth of career opportunities open to graduates from the mathematical sciences;
2. Student Theme: Help school and college students to understand the purpose of mathematical study, to enjoy mathematics, to be confident about meeting challenges in the subject, to realise their potential in mathematics and to raise their aspirations about further study of mathematics;
Teaching Theme:
Contribute to the development of teachers' enjoyment, confidence and knowledge of mathematics and its applications so that they can help stimulate interest in further study of mathematics in their students; and,
HE Curriculum Theme:
Increase the scope of the mathematics curriculum for HE nationally in order to allow real choices for a wide range of students.
A range of activities will take place within each of these themes and will focus upon various ways in which school and college students may be helped to gain, and then sustain, their interest in the mathematical sciences and to encourage them to pursue their further study within higher education. To do this, the project will develop and expand links between schools, colleges, careers organisations, universities and employers. Further detail on these specific activities can be found in [10] . is funding an action research project which aims to explore, implement and evaluate supporting mechanisms at year 2 and beyond, particularly for the more-able. Emerging themes from preliminary focus groups are: students want and appreciate peer support; students are quite ignorant and are poorly informed about career and postgraduate opportunities; they would welcome more information; students want more help to become independent learners. In response to these findings, and as part of our action research project, we will open, in October 2007, a resource and activity centre explicitly focusing on 2nd & 3rd year mathematicians. Within this centre, a range of resources and activities will be developed and evaluated throughout the year. We believe that the student experience at this level can be further developed through additional funding from the Network for more mini-projects, improvement of co-ordination of existing Network activities, and for increasing the level of uptake of the Network's CPD activity, so that many more academics can take advantage of the resources, expertise and experience available. A new call for bids for mini-projects was announced in the Spring of 2007. For further details contact the MSOR Network or visit the website.
Supporting new academic staff: the development of dedicated mathematics provision
Bill Cox, Information Engineering, Aston University w.cox@aston.ac.uk
The question of the training of HE teachers has assumed increasing importance in the last few years. From 2006, there are Government requirements for the training of HE teachers, and the formal protocol for such training has been spelt out in the UK Professional Standards Framework [16] . Training for teaching in HE comes from three main sources:
Generic principles and practice of teaching, which most teachers need to study; Subject/discipline-based teacher training, which delivers the special skills relating to a specific discipline; and,
On the job/in service/apprenticeship training provided within the appropriate workplace or collegial environment.
The developments described here are aimed at the discipline-based aspects and focus on the specific teacher training needs of the mathematics lecturer. The role of Mathematics Education in the pedagogical underpinning of CPD provision and teacher training for mathematics teaching in UK HE is also important [17] .
The range of models of CPD provision for mathematics lecturers is as broad as the HE Mathematics sector itself. A survey was undertaken during the first phase of workshops of the teaching related duties performed by the postgraduates, and an audit of their needs was conducted, giving a useful insight into the sort of provision required, and pointers for future events. Roughly 70% were involved in running seminars or tutorials. 55% run problem classes of some kind in mathematics or statistics. About 50% were involved in other types of small group teaching, in some capacity. 20% provide 1-1 tutoring or mentoring. 40% are involved in marking exams and about half marked coursework. 10% gave occasional lectures. About 20% assist in computer labs. A small number, no more than 5% were responsible for a whole course and actually set exams. However, these were usually exceptional cases of people who already had substantial experience of teaching in HE, perhaps in other countries.
During the first phase of the workshops (2005/2006) , a total of 88 postgraduates attended the regional events.
For the second phase, a total of 106 delegates attended the workshops in Nottingham, Birmingham, Leeds, Bristol, Glasgow and Sheffield. An analysis of the feedback from the initial phase of workshops saw 74 delegates, from the 80 who responded, rate these events as either valuable or very valuable, and of these, 59 indicated that they would re-think how they plan, organise, and/or present their teaching sessions in response to these events.
In our view, the message is clear: no matter how much lecturers and colleagues think about courses they are delivering, for as long as a significant amount of teaching is left in the hands of postgraduate students, they must be appropriately supported and trained, which in our experience they welcome enormously, and this must include a discipline specific component. Otherwise this, and not the postgraduates themselves, will remain the 'weakest link' in the learning and teaching provision.
